Abstract We reduced the observational logarithmic space densities in the vertical direction up to 8 kpc from the galactic plane, for stars with absolute magnitudes (5,6], (6,7] and [5,10] in the fields #0952+5245 and SA114, to a single exponential density law. One of three parameters in the quadratic expression of the density law corresponds to the local space density for stars with absolute magnitudes in question. There is no need of any definition for scaleheights or population types. We confirm with the arguments of nondiscrete thin and thick discs for our Galaxy and propose a single structure up to several kiloparsecs from the galactic plane. The logarithmic space densities evaluated by this law for the ELAIS field fit to the observational ones. Whereas, there are considerable offsets for the logarithmic space densities produced by two sets of classical galactic model parameters from the observational ones, for the same field.
Introduction
For some years, a disagreement exists among the researchers about the formation history of our Galaxy. Yet there has been a large improvement about this topic since the pioneering work of Eggen, Lynden-Bell & Sandage (1962) who argued that the Galaxy collapsed in a freefall time (∼ 2 × 10 8 yr). We know that the Galaxy collapsed over many Gyr (e.g. Yoshii & Saio 1979; Norris, Bessell, & Pickles 1985; Norris 1986; Sandage & Fouts 1987; Carney, Latham & Laird 1990; Norris & Ryan 1991; Beers & Sommer-Larsen 1995) and at least some of the components are formed from the merger or accretion of numerous fragments, such as dwarf type galaxies (cf. Sandage & Fouts 1987; Freeman & Bland-Hawthorn 2002, and references therein) . Also, the number of population components of the Galaxy increased by one, complicating interpretations of any data set. The new component (the thick disc) was introduced by Gilmore & Reid (1983) in order to explain the observations that star counts towards the south galactic pole were not in agreement with a single-disc (thindisc) component, but rather could be much better represented by two such components. This was the simplest combination of free parameters giving a satisfactory fit, and simplicity can play a major role in astrophysical fits. Different parameterization followed the work of Gilmore & Reid (1983) . For example, Kuijken & Gilmore (1989) showed that the vertical structure of our Galaxy could be best explained by a multitude of quasi-isothermal components, i.e. a large number of sech 2 isothermal discs, together making up a more sharply peaked sech or exponential distribution. Also, we quote the work of de Grijs, Peletier & van der Kruit (1997) who made clear that in order to build up a sech distribution, one needs multiple components. Finally, we quote our work (Karaali 2006) where the galactic structure were parameterized by two exponentials up to z ∼ 10 kpc, covering thin disc, thick disc and inner halo.
Although different parameterization were tried by many researchers, only the one of Gilmore & Wyse (1985) which is based on star counts estimation for thin disc, thick disc and spheroid (halo) became as a common model for our Galaxy, and used widespread with improving the parameters, however. In other words, the canonical density laws are as follows: 1) a parameterization for thin and thick discs in cylindrical coordinates by radial and vertical exponentials and 2) a parameterization for halo by the de Vaucouleurs (1948) spheroid. The thin disc dominates the small z distances from the galactic plane with a small scaleheight, whereas the thick disc extends to larger z distances with larger scaleheight. In some studies, the range of values for the parameters is large, especially for the thick disc. For example, Chen et al. (2001) and Siegel et al. (2002) give 6.5-13 and 6-10 per cent, respectively, for the relative local density for the thick disc. In the paper of Karaali et al. (2004) , we discussed the large range of these parameters and claimed that galactic model parameters are absolute magnitude dependent. We showed that the range of the model parameters estimated for a unique absolute magnitude interval is considerably smaller.
It is true that the kinematical and metallicity structure of two regions in our Galaxy is different. Particularly, high metallicity stars lie relatively closer to the galactic plane than with low metallicity stars. Also, kinematical dispersions of these stars are smaller than the stars which occupy the distant regions of the Galaxy. Does that mean, above described differences suggest the separation of the Galaxy into different populations such as thin and thick discs? Norris (1987) proposed a Galaxy model which does not assume that thin and thick discs are discrete components, but instead form a kinematical and chemical continuum. Stars traditionally associated with the thick disc belong to an "extended" disc (in terms of spatial distribution)in Norris' terminology, and represent an extreme tail of metallicity and kinematic distribution. In the work of Ivezić et al. (2008) , the absence of a correlation between the observed velocity and metallicity distribution for disc stars represents a major problem for the interpretation of vertical velocity and metallicity gradients as being due to a varying linear combination of two fixed distributions. These authors argue that their results appear roughly consistent with Norris' proposal. The works of Norris (1987) and Ivezić et al. (2008) are two examples, where discreteness of the thin and thick discs are discussed.
The studies cited in the previous paragraph encouraged us to propose a density law with three parameters without separating the Galaxy into different components. The procedure followed in this work is different than the previous study presented (Karaali 2006 ).
Here, for the sake of simplicity, only vertical space densities were used. However, we shall cover radial density variations in near future.
In Sections 2 and 3, the canonical density law forms and the new density law are discussed. The calibration of the newly defined galactic model parameters for the new density law is given in Section 4. In Section 5, the new density law is tested on the space densities of a different field. Section 6 provides a discussion and finally a conclusion is given in Section 7.
The canonical density law forms
Disc structures are usually parameterized in cylindrical coordinates by radial and vertical exponentials,
where z is the distance from galactic plane, x is the planar distance from the galactic center, R 0 is the solar distance to the galactic center (8 kpc, Reid 1993 ), H i and h i are the scaleheight and scalelength respectively, and n i is the normalized local space density. The suffix i takes the values 1 and 2, as long as thin and thick discs are considered. A similar form uses the sech 2 (or sech) function to parameterize the vertical distribution for thin disc,
Because the sech function is the sum of two exponentials, H ′ i is not really a scaleheight, but, it has to be compared to H i by multiplying it with 2: Kruit & Searle 1981a ,b, 1982a van der Kruit 1988) . However, in order to build up such a distribution, one needs multiple components (Kuijken & Gilmore 1989; de Grijs, Peletier & van der Kruit 1997) .
The density law form for the spheroid (halo) component is parameterized in different forms. The most common is the de Vaucouleurs (1948) spheroid used to describe the surface brightness profile of elliptical galaxies. This law has been deprojected into three dimensions by Young (1976) as
where R is the (uncorrected) galactocentric distance in spherical coordinates, R e is the effective radius and n s is the normalized local space density. R has to be corrected for axial ratio κ = c/a,
where,
b and l being the galactic latitude and longitude, respectively, for the field under investigation. An alternative formulation is the power law,
where a 0 is the core radius. If one restricts the work to the vertical direction, then the third factor in Eqs. (1) and (2) can be neglected.
3 A unified density law for the thin disc, thick disc and halo
As already mentioned in Section 1, the introduction of the thick disc component into the studies was in order to better representation of the observed star counts in the south galactic pole. However, the metallicities and kinematical data of thin and thick discs overlap. This is contradictory to the arguments related to two discrete components. What we mean, when we restrict our work to vertical direction by canonical approach, is the space density which decreases by amount equivalent to exp(−1) at each distance adopted for the thin disc up to a z-distance from the galactic plane where the thin disc is dominant. Whereas where thick disc dominates, the space density decreases with smaller gradient at larger z-distances. Thus, two components such as thin and thick discs were arbitrarily adopted just to fit the observational data, up to a few kpc. Then, we can approach in a similar way, i.e. we can introduce a density law which fits to the observational data up to a distance from the galactic plane, without defining any population type, however. Also, there are some indications that, a significant fraction of material with [F e/H] < −1 dex has disc like structure (Norris 1986 ). Hence, we expect a larger z-distance interval for the new density law we propose in the following.
Our new density law covers the canonical density law, for densities in the vertical direction and it contains no constant scaleheight. In the vertical direction, the density law form for thin and thick discs takes the form as,
which can also be written as,
where a 1 = 1/H and n = exp(−a 0 ). The parameter a 0 is constant due to its definition. However, we let a 1 which is defined as the reciprocal of the scaleheight H in situ, to change with z-distance. Hence, we assume that the scaleheight changes continuously rather than as a step function. This is the main difference between the arguments of our work and the ones in situ. When we examine Eq. (8), we see that the space density in vertical direction changes exponentially as a linear function of z. We consider a quadratic function of z could be better matched to observational data. Hence, we obtained the final density law by adding a quadratic term to Eq. (8):
For the estimation of the coefficients a i (i=0,1,2), the following procedure was adopted. Eq. (9) is written in logarithmic form:
Here, we used Hipparcos' local space density (Jahreiss & Wielen 1997 ) for a specific absolute magnitude interval M 1 − M 2 and a sequence of observed D(z) space densities and estimated the corresponding coefficients.
Estimation of the parameters in the new density law
The Eq. (10) applied to the data taken from Karaali et al. (2004) . The first set were evaluated for stars with absolute magnitude intervals (5,6] and (6, 7] , for the field #0952+5245 (Table 1) , whereas the second set covers the space densities for a unique absolute magnitude interval for stars with absolute magnitudes (5,10] for the field SA 114 (Table 2) . Here, D * = log D + 10, D = N/∆V 1,2 ; ∆V 1,2 = (π/180) 2 (A/3)(r 3 2 − r 3 1 ); A denotes the size of the field; r 1 and r 2 denote the limiting distance of the volume ∆V 1,2 ; N denotes the number of stars in this volume; and z * = r * sin(b), is the vertical distance of the centroid of the volume ∆V 1,2 where b is the galactic latitude of the field and r * the distance of the centroid in the line of sight. The logarithmic space densities D * = 7.47 in Table 1 and D * = 7.52 in Table  2 were evaluated by the Hipparcos' local space density (Jahreiss & Wielen 1997) . (1,2,3,4) ; (1,3,4,5); (1,4,5,6); (1,5,6,7) and (1,6,7,8), each of which involves the couple (0,7.47) and estimated the a i (i=0,1,2) parameters in Eq. (10) by the least square method (Table 3) . Since a 0 corresponds to the local space density of the stars with absolute magnitude (5,6], its value must be constant. Hence, we re-produced it for each sample and we found that the numerical value of the parameter a 0 is the same for each sample and equals to the Hipparcos' local space density for the absolute magnitude interval (5, 6] . This result confirms suitability of our procedure we followed for the estimation of the a i parameters.
However, the trends of a 1 and a 2 are different than a 0 and from each other. For instance, a 1 decreases with increasing z * to the galactic plane, whereas a 2 increases in the same direction. This result also confirms the argument that the scaleheight of a population can not be adopted as a constant, but it should be (distance to galactic plane) dependent (Karaali 2006) . If a 2 is omitted in Eq. (10), the reciprocal of a 1 corresponds to scaleheight in Eq. (8) and increases with distance to galactic plane.
Estimation of the parameters for the absolute magnitude interval (6,7]
The seven (z * , D * ) couples for the absolute magnitude interval (6, 7] in Table 1 were separated into four samples and the corresponding a i (i=0,1,2) parameters were estimated by the same procedure as was done and explained for the absolute magnitude interval (5,6]. Also, these results are given in Table 3 . There, a 0 is found to be constant and equal the Hipparcos local space density, for the same absolute magnitude interval (6, 7] , a 0 = 7.47. On the other hand, the trends of a 1 and a 2 are the same as the corresponding ones for the absolute magnitude interval (5,6].
Estimation of the parameters for stars with absolute magnitudes (5, 10]
The number of (z * , D * ) couples in Table 2 are 13 in total and more than in Table 1 . We used this advantage to increase the sample numbers and the couple numbers in each sample. Thus, we separated the (z * , D * ) couples into eight samples, i.e. (1, 2, 3, 4, 5, 6) ; (1, 3, 4, 5, 6, 7) ; (1, 4, 5, 6, 7, 8) ; (1, 5, 6, 7, 8, 9) ; (1, 6, 7, 8, 9, 10) ; (1, 7, 8, 9, 10, 11); (1, 8, 9, 10, 11, 12) and (1, 9, 10, 11, 12, 13), each of which involves the couple (0,7.52) and estimated the a i (i=0,1,2) parameters in Eq. (10) by the procedure explained in section 4.1. The results are given in Table 4 .
Although the trends of a 2 and a 1 are the same as the trends of a 2 and a 1 for the data given in the previous sections, the value of a 0 is not constant, but it corresponds to a local space density within a range 7.43 ≤ D * (0) ≤ 7.52. The lower values correspond to the local space densities of brighter stars in the Hipparcos' catalogue. That is, the estimated local space density deviates from the mean local space density (< D * >= 7.52) of stars with (5,10] as one goes to large vertical distances. This discrepancy is due to a bias effect, i.e. the galactic model parameters varies with distance Ak et al. 2007; Cabrera-Lavers et al. 2007; Karaali et al. 2007; Bilir et al. 2008) .
Testing the unified density law
We tested the unified density law by the (z * , D * ) data for the absolute magnitude intervals (5,6], (6,7] and (5,10] for the ELAIS field making use of the following procedure. A mean < z * > distance were attributed to each sample in Table 3 and Table 4 . Then, a i (i=0,1,2) parameters were evaluated for the given z * distance by interpolation/extrapolation of the corresponding a i (i=0,1,2) in Table 3 and Table 4 . Finally, the space densities were evaluated according to Eq. (10). The results are presented in Table 5, Table 6 and Table7, for the absolute magnitude intervals (5,6], (6, 7] and (5,10], respectively. For clarification, we state that the numbers in the sixth column are the sample numbers in Table 3  or Table 4 , the z * distances in seventh column are the corresponding mean z * distances for these samples, a i (i=0,1,2) are the interpolated/extrapolated parameters for the z * on the same line, D * is the original logarithmic space density taken from Bilir, Karaali & Gilmore (2006, hereafter, BKG) , and D * ev is the logarithmic space density evaluated by the interpolated/ extrapolated a i (i=0,1,2) parameters. The ∆D * offsets of the evaluated logarithmic space densities from the original ones in the last columns in three tables mentioned above are rather small, confirming that the procedure could be applied efficiently.
We reproduced the D * logarithmic space densities for the z* distances given in Tables 5-7 , for stars with absolute magnitudes (5,6], (6, 7] and (5,10], making use of the calibrations of Phleps et al. (2000) and Jurić et al. (2008) , and we compared the ∆D * offsets of the evaluated logarithmic space densities from the original ones with the corresponding offsets obtained by means of the unified density law. It is interesting to compare the results of Phleps et al. (2000) with the results we obtained. Since they estimated galactic model parameters in the vertical direction of the Galaxy, as was done in the present study. The galactic model parameters of Phleps et al. (2000) are as follows: Normalized local space densities for thin and thick discs n 1 = 2.725 × 10 −3 , n 2 = 2.229 × 10 −4 , scaleheights for thin and thick discs H 1 =280 pc, H 2 =1267 pc, respectively. Jurić et al. (2008) estimated the following galactic model parameters both in vertical and longitudinal directions and they found for normalized local space densities n 1 = 2.951 × 10 −3 , n 2 = 3.160 × 10 −4 , n 2 = 1.317×10
, H 1 =300 pc, H 2 =900 pc, (c/a)=0.64. The evaluated logarithmic space densities, D * ev , and their offsets from the original ones taken from BKG are given in Tables 8, 9 and 10. The offsets were plotted in Fig. 1 and compared with the ones resulted by using the unified density law. One can see that there is a systematic deviation in the dispersions of the offsets evaluated via the calibrations of Phleps et al. (2000) and Jurić et al. (2008) , favouring the unified density law.
Discussion
We used a unified density law for the thin disc, thick disc and halo to match the observational logarithmic space densities evaluated for the fields #0952+5245 and SA 114 in the vertical direction up to 8 kpc from the galactic plane. The exponent of the density law is adopted as a quadratic function of the distance from the galactic plane. The absolute magnitude dependent parameters estimated for a set of distance from the galactic plane, were interpolated/extrapolated for three given sets of z-distances and applied to the ELAIS field. The offsets of the logarithmic space densities evaluated Table 5 Space densities evaluated by the unified density law for stars with absolute magnitudes (5, 6] in the ELAIS field. The columns give: (1) z * distance from the galactic plane in kpc, (2) the logarithmic space density D* taken from BKG, (3), (4) and (5): a2, a1 and a0 parameters interpolated for the z * distance on the same line, (6) no of samples used for interpolation of ai (i=1, 2, 3), (7) mean z * distances for the samples used for the interpolation, (8) evaluated logarithmic space density D * ev , and (9) the difference between the evaluated logarithmic space density and the adopted one from BKG. Table 6 Space densities evaluated by the unified density law for stars with absolute magnitudes (6, 7] in the ELAIS field. The symbols are as in Table 5 . Table 7 Space densities evaluated by the unified density law for thin disc, thick disc and halo components of the Galaxy for stars with absolute magnitudes (5, 10] in the ELAIS field. The symbols are as in Table 5 . by the interpolated/extrapolated parameters from the original values are rather small. Whereas the offsets corresponding to the values of galactic model parameters of Phleps et al. (2000) and Jurić et al. (2008) are considerable systematic and large, favouring our density law.
The so called "unified density law" does not define any population type, up to distances of 8 kpc from the galactic plane. Hence, the space density of the Galaxy could be matched to a unified density law with three parameters. This approach would imply and support the argument of existence of a single disc. Hence, the thin and thick discs discussed for a long time in the literature are not discrete. However, we reiterate that this is not our idea. But we confirmed their arguments (cf. Norris 1987; Ivezić et al. 2008) . A significant fraction of material with [F e/H] < −1 dex has disclike structure (Norris 1987) . This confirms our argument related to the unified density law.
In the present work, we proposed galactic model parameters as a function of distance from the galactic plane, as was done in the study of Karaali (2006) . However, there is a difference between, what was proposed over there and here. Namely, in the former study, scaleheight and scalelength were taken into consideration, whereas in the present study, none of these parameters are taken into consideration. If we omit the coefficient of z 2 , for instance a 2 , reciprocal of the coefficient of z, 1/a 1 corresponds to scaleheight for the total density, but not for a specific population.
Conclusion
Norris (1987) proposed a Galaxy model where he did not assume thin and thick discs are discrete components. Rather, he assumed that the thin and thick discs form a kinematical and chemical continuum. Ivezić et al. (2008) confirmed this hypothesis by demonstrating the absence of a correlation between the observed velocity and metallicity distributions for disc stars. The present work, reinforces the same argument, making use of different procedure. The density law proposed here can match to the observed vertical space densities up to several kpc without the need to separate the Galactic stars into separate population types.
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